Graphs are powerful and versatile data structures, useful to represent complex and structured information of interest in various fields of science and engineering. We present a system, called EvoGeneS, based on an evolutionary approach, for generating undirected graphs whose number of nodes is not a priori known. The method is based on a special data structure, called multilist, which encodes undirected attributed relational graphs. Two novel crossover and mutation operators are defined in order to evolve such structure. The developed system has been tested on a wireless network configuration and the results compared with those obtained by a genetic programming based approach recently proposed in the literature.
Introduction
Graphs are powerful and versatile data structures, useful to represent complex and structured information. In the last decades, there has been an increasing interest in studying and using graphs in many applications, also because the developments of computer technology made high computational cost problems to be dealt with.
Graphs have been used in various fields of science and engineering. They may effectively represent physical networks, such as transportation systems, power systems, and mobile communication infrastructures [1, 2, 3] , but have been also used to model less tangible interactions, as might occur in ecosystems, databases or in the control flow of a computer program [1] . In fields like pattern recognition and machine vision, the high representational power of graphs make them very attractive and well-suited to model complex patterns in terms of parts and their relations. Attributes of graph nodes and edges are often added to incorporate further information, leading to a graph representation form generally called Attributed Relational Graph (ARG) [4] . Examples of successful applications include shape analysis and 3-D object recognition [5, 6] , character recognition [7], classification of ideograms and symbols in document analysis and technical drawing interpretation [8] .
In many cases, a prominent problem is that of generating graphs exhibiting some particular properties. The generation of prototypes in pattern recognition problems, so as the generation of the optimal configuration of a physical network are examples of such problem. Thus, the use of graph representations often requires the definition of effective techniques for generating the graphs representing the desired solutions. To this purpose, two main different approaches can be identified, depending on the nature of the problem: in case of applications in which training samples are available, the graphs may be generated by exploiting the information included in such a training set. In all the other cases the solution is found by defining a function F able to measure the goodness of tentative solutions in a given space: the graphs representing the solutions are generated by finding all the absolute maxima of the function F. Combinatorial, heuristic and inductive learning approaches have been used, among others, to generate graphs [9] . Several attempts to generate graphs using evolutionary approaches have also been done. Methods have been proposed in the fields of molecular design [10] and electrical circuit design [11] , using a direct encoding of the evolving graph. It is worth noting that these methods define evolutionary operators tailored for the considered problem. Indirect encoding of graphs in terms of bit strings [12] or trees [13] has also been used. In the latter approach, for instance, a tree encodes the operations to be applied to a very simple starting graph, in order to transform it into another one arbitrarily complex. We present a system, called EvoGeneS (Evolutionary Graph Generation System), based on an evolutionary approach, for generating graphs whose number of nodes is not a priori known. The proposed method aims at overcoming two major disadvantages of the methods discussed earlier by providing a direct encoding of graphs and two novel, general purpose and problem independent operators. A special structure, called multilist, encodes undirected ARG's, and demonstrated to be particularly convenient for generating new and different graphs under given constraints. For evolving multilists, two basic operators have been devised: the first one, called crossover by analogy to genetic algorithms, swaps parts of two multilists, thus swaps subgraphs of two graphs, thus generating graphs of variable length. The second operator, called mutation, operates on a multilist in such a way to change a graph into a new one whose node number is unchanged, whereas both node and link attributes can be modified.
In the following, after defining the multilist and the elementary operations defined for it, an application of the proposed evolutionary system will be illustrated. The results obtained by EvoGeneS will be compared with those of
